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RESEARCH MEMORANDUM

LONGITUDINAL AND LATERAT, AERODYNAMIC CHARACTERISTICS AT
COMBINED ANGLES OF ATTACK AND SIDESLIP OF A
GENERALIZED MISSILE MODEL HAVING A
RECTANGULAR WING AT A MACH
NUMBER OF 4.08%

By Fred M. Smith, Edward F. Ulmann,
and Robert W. Dunning

SUMMARY

An investigation has been conducted in the Langley 9- by 9-inch
Mach number 4 blowdown jet on a generalized body-wing-tall missilelike
configuration to determine the source of the adverse roliing moment due
to yaw experienced by this type of configuration heving lifting surfaces
and ‘ventral and dorsal tail surfaces. At the sasme time 1t was desirable
to determine the contribution of the model components (body, wing, and
tail) to the serodynamic characteristics of the complete configuration
and to determine whether or not & simple method exists for predicting the
longitudinel end lateral aerodynamic characteristics at combined angles
of attack and sideslip. It was found that the adverse rolling moment
results from unequal pressures on upper end lower fins induced by the ™
wing flow fields at angle of attack, and that in general avellgble
engineering methods adequately predict the aerodynemic forces but are
less accurate in predicting centers of pressure.

INTRODUCTION

In a number of £flight tests of missiles having lifting surfaces and
dorsel snd ventral tail surfeces, it hes been found that a fairly large
edverse rolling moment due to yaw (positive CZB) is imposed on the mis-

slles at combined angles of attack and sideslip. In an effort to deter-
mine the cause of this adverse rolling moment, as well as the effects of
the verious elements of a body-wing-teil configurstion upon the rolling
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moment, various combinations of the components of a generalized missile-
like configuration were tested in a blowdown jet.

An edditional purpose of the Investigation was to determine the
sdequacy of availeble engineering methods in predicting the longitudlnal
and the lateral characteristics for a body alone; a body with one, two,
three, or four trapezoidal tails or one or two itriengular tails; and a
body with a wing in two longitudinal positions and with the aforemen-
tioned tall arrangements.

The tests were conducted at a Mach number of 4.08 and an average
Reynolds number of 1.6 x 106, based on the maximum body diameter. Normal
force, pitching moment, rolling moment, side force, and (for seversl con-
figurations) yawing moment were obtained for an angle-of-attack range of
0° to 15° for configurations without lifting surfaces and proportionately
smaller ranges for those with lifting surfaces, for angles of sideslip
of 0C to 5°.

SYMBOLS

The forces and moments are referred to the body exes, and the ref-
erence center of moments is located at 51.4 percent body length (fig. 1).

A body frontel ares, =d2/h

c wing chord

C; rolling-moment coefficient, Myx/qAd
C pitching-moment coefficient, My/qAd
Cy yawing-moment coefficient, MZ/qu

Ci normal-force coefficient, -Fy/aA

Cy side-force coefficient, Fy/qA

Cy rate of change of rolling-moment coefficient with angle of
B pideslip, oC;/9B

Cn rate of change of yewing-moment coeffiliclent with angle of
B sideslip, OC,/OB
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Y

rate 7f change of side-force coefficient with angle of sideslip,
BCY B

maximum body diameter

force slong Y-axis
force elong Z-axis

body length

moment sbout X-sxis
moment ebout Y-sxis
moment about Z-sxis

free~streem dynamic pressure

redius of curvature

component of free-stream velocity slong X-axis

component of free-stream velocity along Y-axis
free-stream velocity

component of free-stream velocity along Z-axis
longitudinel distance from body nose to center of pressure
engle of attack, tan™l w/u

engle of sideslip, sin=1l v/V
CONFIGURATION DESIGNATIONS

body
horizontel tall symmetrical about XZ-plane

lower vertical tall
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Va upper vertical tail

We wing in forward position
Wy wing in rearward position
Subscripts:

trap trapezocidal plan form _
tri ' triengular, or half-delta, plan form

An example of the designafions i1s as follows: Bwf(HVZVﬁ)trap

represents a body with wing in the forward position and horizontal,
upper vertical, and lower vertical trapezoidal tails.

APPARATUS AND TESTS

The tests were conducted in the Langley 9- by 9-inch Mach number 4
blowdown jet. A description of the Jet and a test-section flow calibra-
tion 18 presented in reference 1. The stagnation pressure, which wes
recorded during each run along with the temperature, was controlled by a
pressure-regulating valve. The pressure was held st approximetely 13
atmospheres and the temperature during the runs dropped from T5° F to
spproximately 30° F. This pressure and temperature range gave an average

Reynolds number of 1.6 X 106 based on maximum body diameter. The tests

were run with alr having less than 5 x lO"6 pounds of water vapor per
pound of dry air. The test-section static temperature and pressure did
not reach the point where liquefaction of alr would be expected.

A four-component intermel strain-gage balance was used to obtaln
normel force, pitching moment, rolling moment, and side force for all
the configurstions, and yawing moment was obtained for several config-
urations with another balance. Combined angles of attack and sideslip
were set by using a combinetion lens-prism embedded in the model wall to
reflect and focus e spot from a light source onto a previously celibrated
screen. In this way true sngles were set directly. The angle-of-attack
renge was lilmited by the design loads of the belance and varied from 0°
to 15° for configurations with no lifting surfaces to a minimum range
of 0° to 5° for the complete configurations. The nominsl sngle-of-
gideslip range was O° to 5° for all tests.

I'n
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MODELS

A four-callber tengent oglve nose was combined with an eight-caliber
cylinder to form the body for all configurations. Added to this body in
two longltudinal positions was a wing with a rectangular plan form, an
aspect ratio of 1.67, and a 3.3-percent-thick wedge-slab section. (See
fig. 2 for all model components.) The model was tested with various
vertical and horizontal trapezoidal-tail arrangements and various ver-
tical triangular-tail arrangements (fig. 3). The trapezoidal asnd tri-
angular tails had the same exposed plen-form area and same wedge-slab
section, but were dissimiler in plan form, aspect ratio, and thickness
ratio.. Complete details are given in flgures 2 and 3 and table I.

PRECISION OF DATA

The maximum probable uncertainties involved in measuring the angles,
forces, and moments and in determining the aerodynamic coefficients of
the present tests are given in the following table:

Gy AEE ¢ ¢ v « 4 o+ o o e e s s 4 e 4 e 4 s e s e s e e e e e e . FTO1
By Q8 & ¢« v ¢« 4 4 4 e 4 et e e e e e 4 e e e e e e e e e e . t0.1
G + « = =+ + ot e e e e e e e e e e e e e e .. . $0.020
o o o=l
Cz'..ll.l..l.l.l...ll.-....l.'ll.to'mB
T T < N e
0 T P < B0 o<

METHODS OF PREDICTION

Longitudinal

The normal force and center of pressure at B = 0° for the ogive-
cylinder body of this investigation were estimated by the method of
Grimminger, Williems, and Young (ref. 2), which is simply & correlation
of all the experimentel normal-force data available for bodies of revo-
lution in supersonic flow at the time the correlation was made. The
method has been used with very good results in references 3 and 4. In
the present investigation this method was used for the body-alone results
and for the contribution of the body when combined with a wing or a hori-
zontal tail, or both.

AR
-
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Two-dimensional shock-expension theory (ref. 5), which has been
found in references 6 and 7 to give very good 1lift predictions at the
present Mach number for three-dimensional wings having attached leading-
edge shocks, was used successfully to predict the wing-slone normsl force
and center of pressure for the wing of this investigation. It was not
unreasonable, therefore, to use the shock-expension theoretical predic-
tions for the normel-force-curve slopes and centers of pressure of the
wing and horizontel tail as a base in calculating the interference
forces according to the theory of Pitts, Nielsen, and Kaattari in ref-
erence 8. The method of reference 8 is a modification of slender-body
theory but it is suggested in the reference that it may be applied to
configurations other than slender bodies if a realistic normal-force-
curve slope is used for the wing. This was done with good results in
references 3, 4, and 6. The method was therefore used to predict the
interference effects of the wing on the body and on the tail, and the
interference effects of the body on the wing and on the tail, for all
the combination configurations of this investigation.

Latersl

The basic lateral force and moment predictions were made by essen-
tizlly the same methods as the longitudinal predictions. The method of
reference 2 was used to calculate the body side force, the method of
reference 8 was used to compute the interaction side force of the body
in the presence of the vertical tall, and shock-expansion theory with
gseveral modificatlons was used to compute the force on the vertical
talls. Since for close-coupled wing and tail configurations of the
present type the tails lie in the path of the wing shock and expansion
Tields, it was necessary to compute boundaries and Mach numbers for
these wing fields in order to estimate the tall forces.

In order for the force on the tail to be computed, the tail was
first divided into a finite number of horizontal strips and then, to
account for the body sidewash, the angle of incildence of each strip was
varied across the span according to the equation of reference 9:

2
a' = a[? + (%) ], where o' 18 the modified angle of incidence, o 1is

the indicated angle of incidence, a is the body radius, and x 1s the
perpendicular distance from the body center line.

The shock-expansion pressures were then obtained by using the com-
puted angle of Incidence for each strip along with the corresponding Mach
number of the wing flow field. When the force for each strip had been
determlined a summation was made of the tall forces and then combined with
the other forces of the configuration. This process was repeated for
other configuration angles of attack until the desired range was covered.




NACA RM L58E26 m 7

After determining the forces it was a simple matter to determine the
mcments, both yawing and rolling, by combining an estimated center of
pressure for each element of the configuration (including tall strips)
with its force. The predictions in final form are CYB, CIB, and CnB

plotted against o, along with the experimental results. Some of the

results of this method are also shown in reference 10 at Mach numbers of
L .06 and 6.86.

RESULTS AND DISCUSSION

Longitudinel Characteristics

The basic experimental longitudinal coefficients are presented in
figures 4 to 9 as functions of angle of attack for representative angles
of sideslip and in figures 10 to 12 as functions of angle of sideslip for
representative angles of attack. A complete listing of the experimental
results (except for wing-alone data, fig. 8) may be found in table IT,
and an index of the figures is presented as eppendix A.

Effects of angle of sideslip.- In general, the normsl force for con-
figurations having & wing is only slightly affected by changing the angle
of sideslip from O° to 4° or 5°. (See figs. 4 to 6 and 10 to 12.) With
the wing removed, however, a small but consistent increase is observed in
Cy with an increase in B from 0° to 4° or 5°, An explanation for this

normal-force increase, which is dependent not on the increased resultant
angle but on the nonlinear normsasl-force curve and the resolution of the
resultent forces for bodies of revolution, is given in appendix B.

The pitching moment is affected to a greater extent by the change in
B. One possible explanation for thls change in pitching moment with
increased B is the increased loading on the body due to interference
between the body and vertical talil, since the greatest effects are indi-
cated by the configurations having unsymmetrical vertical tails. (See
figs. h‘(b)i (c): (f)) and (8); and 5(b) and (c).)

Effects of tail configuration.- A careful examination of figures k4
to 6 reveals that, with one exception, changes in tail arrangement or
plan form had very little effect on the normsl force. The one exception
was the addition or removal of the lifting horizontal tail. Figure T
shows & sizable shift in the pltching-moment curves with a change in
tall configuration from an upper fin to a lower, but there appear to be
no significant changes in the slopes. The shift is easlly explained by
considering the drag force produced by the wedge leading edge of either
the upper or lower fin, acting eccentric to the body axis and causing the

e
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initial pitching-moment increment at a = 0°. The two tail plan forms
tested contributed like effects on the pltching moment.

Effects of wing position.- The only effect of changing the wing
position was the change in pitching moment due to moving the point of
application of the wing normal force.

Comparison with theory.- Figure 8 shows the experimental results
for wing-alone tests compared with two-dimensional shoc¢k-expansion
theory for normasl force and pitching moment. Because of the smell
values of pitching moment involved, slight insccuracies in the center-
of -pressure prediction cause rather large percentagewise differences in
piltching moment. The normal-force prediction is within 5 percent of the
experimental results for most of the angle-of-attack range.

Comparisons of experimentel and theoretical normsl force and
ritching moment are shown in figure 9 for various combinations of the
wing, body, and cruciform trapezoidal tail. The predictions were quite
adequate for the normal force when the following methods were used: two-
dimensional shock expension for the wing and horizontal-tail lift, the
method of reference 8 for body upwash, and the hypersonic approximation
of reference 2 to predict the nonlinear 1ift of the body. The predic-
tions for the piltching moment (fig. 9(b)) were not as good as those for
the normel force, indicating that the center-of-pressure predictions for
the wing and its interactions were not as accurate as the force predic-
tions. The predictions for  the body and body-tall configurations were
within epproximately 10 percent of the experimental values, but in some
instances the body-wing and body-wing-tail predictions showed more then
a8 30-percent vaeriation from experiment.

Lateral Characteristics

The basic lateral data are presented in figures 10 to 12 along
with the longitudinal date against angle of sideslip for representative
angles of attack. For ease of discussion, configurations with and
without the wing willl be treated separately.

Wing-off configurations.- The wingless configurations in figures 10
to 12 show no noteworthy trends in Cy or C; when plotted against B.

When plotted ageinst a«, however, as shown in figure 13 for B = 4°, Cy
and C; Dboth indicate a decrease in effectiveness with incressing «o

for the body with upper tail, whereas a slight increase in effectiveness
was indicated for the configurations with a lower tall. It was assumed
at first inspection that this was the result of the low-aspect-ratio
upper fins being shielded by the body at angles of attack above zero.
Figure 1k indicates, however, that the shielding by the body could not

-
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possibly account for all the loss in effectiveness because the side

force for the body with upper trianguler tall is asctually less than that
for the body alone at the higher angles of attack, and the rolling moment
actually reverses sign at these high angles. The results for the body
with upper trapezoidal teil (fig. 15), although not showing the Cj

reversal, do show the decreased effectiveness in C; for the higher

angles of attack. The loss in effectiveness and the reversal can be
attributed to the body vortices shown in profile in figure 16 which
consists of schlieren plctures of the flow over the body alone, body
with the upper trianguler tail, and body with wing at several angles of
attack.

In an attempt to gain a better understanding of this roliing-moment
phenomenon, the incremental roll produced on a yawed body by adding an
upper vertical tail was obtained and is presented in figure 17 as &
function of the vertical location of the vortex core in percent tail
span. It should be noted here that because of the differences in span
of the triangular and trepezoidel talls, the same vortex location in
terms of percent tail span ie obtained at different angles of attack
(and therefore different voritex strengths) and the moment areas of the
tails are different. Both of these characteristic differences should
tend to magnify the roll contribution of the trapezoidel tail but, as
shown in figure 17, the roll contributions of both tells are approximately
the sgme. This similarity in rolling moment for the two talls indlcates
that et higher angles of attack, when the vortices reach the tip of the
trapezoldal tail, the rolling moment might also reverse sign.

The effectiveness in CYB and CIB for the two tail plan forms is

shown in figure 18. The effectiveness of the tails is presented as the
ratio of the incremental CYB or CZB contributed by the tail at

@ £ 0° +to that contributed at o = 0°. Note the negative effectiveness
of the upper trisngular tail at the higher angles of attack, indicating
a decrement instead of an increment in CYB and CzB contributed by

the tail.

Figures 10 to 12 show the same increase in side force for the wing-
less configuratlons at combined angles of sideslip and attack as was
pointed out for the normal force in the discussion of longitudinal
characteristics. The discussion in appendix B also spplies in this
instance.

Wing-on configurations.- The most significant chenge in the lateral
characteristics caused by adding a wing 1ls the large lncrease in rolling
moment for the configurations having symmetrical vertical tails. (See
figs. 10(a) and 11(a).) In general, the addition of the wing provides an

'llllllll!llli&;
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increment in rolling moment with increasing angle of attack for all con-
figurations with a verticel tall surfaece but has very little effect on
side force. (See the remaining parts of figs. 10 and 11.) Figure 19
shows Cy, C;, and C, at a = 4© for the components of a configura-

tion consisting of a body, a wing, and & symmetrical vertical tail
including their interactions. It is shown that for this type of con-
figuration the body and the tail actually produce most of the sigde
force and that the small wing contribution actually opposes the
resultant force. The tail alone contributes practically all the yawing
moment, being opposed by the contribution of the body. The rolling
moment is provided by the flow fileld of the wing over the tail. This
is the adverse roll due to yaw to which missilelike configurations with
close~-coupled wing and symmetrical vertical tails are subjected.

The wing position affects the lateral characteristics only to the
extent that it increases or reduces the vertical~tail areas exposed to
the wing shock and expansion fields. Examples of thls wlng-position
effect are shown in figures 10 and 11, where it can be seen that the
trapezoidal taill, whiech has a higher aspect ratlo, experiences larger
changes in rolling moment than the trianguler tail owing to the greater
changes in exposed area. Figure 20, which i1s presented to demonstrate
the effects of angle of attack on & number of -configurations at g = 4O,
adequately shows the reduced Cj3; for the conflguration with trapezoidal

talls with the wing in the rear position. The rolling moment for the
triangular talls and the side force for all the configurations in fig-
ure 20 are generally unchanged by the alternate wing position of this
investigation. Figure 20 also indicates that an increase in angle of
attack generally provides an increment in C; and an increment in nega-

tive Cy.

The efficiencies in CYB and CIB for the varlous vertical talls

immersed in the flow field from the wing in two longitudinal positions
are glven in figure 21. These efficiencies (the ratios of the incre-
mental CYB or CIB produced by the vertlical tails in the presence of

the body and wing to that produced by the same talls in the presence of
the body without the wing) give en indication of the effectiveness of
the tails in the presence of the wing flow filelds through an angle-of-
gttack range. Figure 21 indicates that the upper trapezoidal tail gen-
erally loses some effectiveness with increasing angle of attack,
especlally with the wing in the rearward position when the low pressure
field from the wing reduces the force on the talls. The upper triangular
tail, however, actually gains effectiveness with Increasing o« when the
wing is in the forward position. This is the result of the low-pressure
wing flow fleld moving off the lower-aspect-ratio tall and exposing the
tall to the higher pressure flow behind the tralling-edge shock.
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Comparison with theory.- Predictions of CZB’ CnB, and CYB for

the body with wing and trapezoidal tails are shown in figure 22(a);
CIB and GYB only are given for the configurations with triangular

tails (fig. 22(b)). 1In general, the trends of the experimental Clﬁ are

adequately predicted, and except for the configuration with two trape-
zoidal tails, the experimental values are generally predicted within 15
to 20 percent. The predictions for CYB were alweys within 10 percent

of the experimental values. It would seem that the foreces can be esti-~
mated with much more sccuracy than the centers of pressure, since the
predictions for CYB are much better than those for CzB. The predic-

tions for CnB are also rather inaccurate; in all cases they are higher
than the experimentel results.

CONCLUSTONS

A wind~tunnel Investigatlion has been made for a number of body-tail
and body-wing-teil missilelike configurations at a Mach number of 4.08
at combined angles of attack and sideslip, and the experimental results
have been compared with engineering methods of prediction. The following
conclusions were drawn regarding the longitudinal and lateral aerodyneamic
characteristics of the configurations:

1. Engineering methods exist which give reasonable spproximations of
the forces for both the longitudinal and lateral results of this investi-
gation but less accurate approximations for the centers of pressure.

2. For engles of attack greater than zero at a given engle of side-
slip, the major sources of adverse incremental rolling moment are (&) the
wing shock and expansion flow fields acting on the vertical tail and (b)
the shed body vortices acting on the upper vertical tail.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronauties,
Langley Field, Va., May 12, 1958.
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APPENDIX A
INDEX OF FIGURES

Description
Axis system for tests with direction of forces and moments
Schematlc diagram of model showing important dimensions
Schematic diagram of various teil configurations of tests

Cy &nd Cp against o (B = 0° and 40 or 5°) for all con-
figurations having trapezoidal tails

Cy end C, against « (B = O° and 40 or 50) for all con-
figurations having triangular tails

Cy end Cp against o (B = 0° and 4°) for configurations
having no tail

Cp egainst o (B = 0°) showing effects of tall arrangements
Experimental and theoretical Cy and C, against a for
wing-alone test

Experimental end theoreticel Cy and C, against o (B = 0°)

for various combinations of a body, wing, and cruciform trape-
zoidal tail

Cy, Cy, Cp (when available), Cp, and Cy against B

(o = 0° and 4°) for all configurations having trapezoidal
tails

Cys Cy, Cp, and Cy against B . (o = 0° and 4°) for all con-
figurations having triangular tails

Cy, Cy, Cps Cp, @nd Cy against B (o = 0° and 4°) for
configurations having no tail

Cy and C; against a (B = 4°) for all configurations having
no wing
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Figure

1h

15

16

L7

18

19

20

22

23

Description

Cy end C; sgainst B (o = 0°, 80, 120, 140, and 15°) for
body alone and body with upper triangular tail to show
effects of body vortices

Cy and C; ageinst B (o = 0°, 89, and 15°) for body with
upper trapezoidal tall to show effects of body vortices

Schlieren photographs of flow for body alone, body with tri-

angular tails, and body with forward wing at angles of
attack of 0°, 5°, 10°, and 15°

Incremental C; due to o against percent of tail span

(B = 1° and 5°) for two configurations of body and upper
vertical tail

Tail effectiveness at o in CYB and CZB against o for
several tails in combination with a body of revolution

Sources of Cy, C;, and C, against B (=« = 4O) emong the
various elements of a body with wing and vertical tails

Cy and C; against o (B = 4°) for several body-wing snd
body-wing-tell configurations

Tall efficiency in CYﬁ and ClB egainst o for several

taill arrangements in cambination with & body of revolution
and & wing

Experimental and theoretical CZB, Cnﬁ’ and CYB against «

for a body-wing-tall configuration having several tail
arrangements

Normal-force and side-force characteristics for a body of

revolution st comblned angles Of attack and sideslip,
11lustreting equations of sppendix B
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APPENDIX B

FORCES ON A BODY OF REVOLUTION AT COMBINED

ANGLES OF ATTACK AND SIDESLIP

In the rectangular coordinate system of sketch (a) the point F
represents the nose of a body of revolution at an angle of attack o

Zl

Sketeh (a) Sketch (b)

and an angle of sideslip pB. The angle ¢ resulting from these com-
bined angles and limited by the body FO and the X' (wind) axis can be

expressed as

y = cos=l cos a cos B (1)

Curves of thils equation are shown in figure 23(a).

The resultant force (RF in sketch (b)) imposed on the body at engle
of incidence 9 by the airstream can be resolved Into two components,
NF (normsl force) and SF (side force). Upon solving for these two compo-
nents the normel force is found to be .
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NF___RFcosgsind, (2)
sin 7
and the side force is
SF = Ry 8in B8 (3)
sin ¥

If the variation of force on the body is linear with changing angle,
then

S(RF) _ 3(NF)
oy X

and

o (NF i
() - 2L 5 g atna ®

For a more general form of the equation, the ratio of the normal force
for a body with B 2 0° to that for & body with B = O° becomes in
coefficient form

(Cw) g2 _CNg? cos B sina
= =
( N)B=0 Cr o sin ¥

or

C .
( N)Bzo _ 2 cos B singa

(5)
C o sin '
[COMN Y
and the corresponding ratio for the side force becomes
C
( )20 _yein B (6)

(CY)y_o Bsinvy

T,



16 m NACA RM L58E26

The ratios of equations (5) and (6) are plotted in figures 23(b) and
(c), respectively, which show that the normal force for & constant o
decreases wlth incressing B and the side force for a constent B
increases with increasing «.

The nonlinear force curve, more characteristic of a body of revo-
lution than the previously assumed linear force varlation, is shown in
figure 23(d). This curve was camputed from the results of reference 2
for a body of revolution with an ogival nose and an afterbody with a
fineness ratio of 8 for a Mach number of 4. Note the two- and three-
fold increase of gsome of the curves in figures 23(e) and (f) over
corresponding curves in figures 23(b) and (c), due entirely to incor-
porating values from the nonlinear body force curve with equations (5)
and (6) to form the new equations

(CN)BEO _ (CR)BZO cos B sin o
(CN)B=O (CN)B=o sin 7

(7)

and

(Cy§§§9 =\(CREE§9 sin B ()
Cv)po (C¥) o sin 7

where CR 1s the resultant force coefficient at angle 7.

The preceding equations and figure 23 explain and demonstrate the
increases in normel force and side force that occur when angles of attack
and sideslip are comblned for a body of revolution. The incresses can be
significent, depending on the magnitude of the combined angles.

commiN
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MOIELS

Body:
Length, in. . . . . . . . .
Maximum diameter, in. . « ¢« & ¢ ¢ ¢ 0 0 f 0 @ e e e e e e e
Frontel area, sq in. . « ..o .« e . .« e s e e
Nose length, in. « o . e e e s e s e s e e e e e e .
Nose radius of curvature, in. e e e e et e s e e e e e e s

I_l
Ll \V}

o
B8%38

I_J

Wing:
Span, in., . . . . .
Chord, in. « v e e e . . . . . . . .« e 4 e
Ares, s8q in. C e e s s s e e s e s e s s s s s e e e e e e
Aspect ratio . . . . . .« . . . . . .« .
Taper ratio . & ¢ & & 4 4 v v e @ i i 4 4 e e e e s e e e e
Meximum thickness, in. e s s s a e s e e s e s e e s e e
Leading-~edge sweepback deg e s 4 e 4 4 s s e e 8 & s a8 =
Dihedral . . . . . . e e s 6 s s s s e 4 s e e e e .

[
ARV AN |

SRR

He o o
0038233888

o

Trapezoidal tail (one only)
Span (exposed), IN. .« v v v ¢ v 4 « ¢ 4 4 s e e e e e e e . . 1.68
Root chord, in. . . . .

Tip chord, in. .

Area (exposed), 5q in
Aspect ratio (exposed)
Taper ratio . « .o . . . . « e e e s
Maximum thickness, in e e e s s e e s 4 4 e s s e s s e« 0,100
Leading-edge sweepback, G€E . « « + + « o« « ¢« « o « + o + « « hO.T

n
W
g

Triangular tail (one only):

Span (exposed), in. . . . . . . . e e e e e e e e . l.126

Root chord (exposed), in. . . . . « « .« . . . . . L.20ok
Area (exposed), 8Q IM. v v ¢ « 4 4 4 e e " e . . . . 237
Aspect ratio (exposed) « « & ¢ ¢ v 4 e e 4 e e e s e e s e . . 0.53
Teper ratio . . . e s e s s s 4 s s & s s e s e e e e s 0
Maximum thickness, in. e s e e s 4 s a4 s e s s e e = e s e s 0,100
Leading-edge sweepback, @88 . « + « + ¢ 5 o ¢ & o ¢ o o . 75.0
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TABLE II.» EXPERIMENTAL RESULTS

8, a, X, B, o, X,

deg | deg Cn Cm %: G Cy Co Bdeg | deg S Cm % G Cy Cn
(a} Configuration B (b) Configuration BWy

[ 0 | =e0083 | -,0065 - «0007 0 0 |=e0634 40001 = |=e0243 20004 | 40003

Q 2 «1051 «3094 | 27 | =s0007 | =40059 ] 2 7890 42158 | A9 [=e0142 | =40027 00746

0 4 02298 WB744 | 31 0026 | =40030 0 4 | l46563 3938 | A9 1=,0080 | =,0072 | 41251

0 . 6 oALAS « 7368 | 37 #0013 | ~40074 [ 6 |2+4987 8326 | 30 ]=e0132 | =eQ116 | «2216

[} 8 26684 « 7509 42 20034 =e0132 o ] 3e5357 «h576 1 =~e0079 ~a 0204 «307S

[ 10 29653 «TTO6 | AS 00024 | =40148

4 12 | l.25%0 8173 | 44 20090 | =40250

[ 14 | 1.5836 o8629 | A7 00083 | =,0268

(-] 13 le7719 +8548 A7 «0129 =e0309

1 0 =~ 0042 - 0065 - ~40003 = 0855 1 o «¢0591 « 0040 - ~s0173 ~4053% [~¢1503

1 2 1092 3043 | 28 | =30009 | «40601 1 2 «8018 | #2201 | 49 |=e0171 | =e0B542 |~e09%70

b L) 22339 «3705 31 0020 =s0656 1 & 1s6478 «3981 Ll =e0190 -q 0422

1 [] +4174 « 7302 37 «0009 -3 0798 1 6 204981 « 5418 .13 -e0261 00300

1 8 46693 «T446 42 «0022 =e 0906 1 ] 345063 «6T62 50 =e0103 »1203

1 1 9572 7679 45 s0031 =e1104

1 12 le2633 »815% As +007A -+ 1257

1 14 le5792 «8606 AT «0081 - 1387

1 15 | 14774l «8638 | A7 «0110 | =¢l451

2- Q =+0084 -e0100 - -a0013 =o1168 2 [} =+0590 -+ 0036 - ~a0112 ~s1055

2 2 +11%4 «3040 29 ~e0018 | =41187 2 2 «8009 «2383 49 [~40182 -esllll

2 L4 22426 5517 32 +0007 =e1543 2 A 146437 *4221 Lad ~e 0200 «e1259 |~¢2133

2 [] 4289 «7001 | 28 . =41572 2 6 |244963 05566 | 49 |=e0300 | ~41362 [~e1590

2 8 «6776 « 7212 42 +0009 =21869 2 8 3e5110 «T70T8 50 =e0205 -e1569

2 10 9642 « 7584 45 «0018 =y2182

2 12 1:2715 «8150 A6 20068 =y23581

2 14 | 143874 «BASE | A7 20074 | =~42888

2 15 leT799 «8820 | AT 00092 | =.2695

3 ¢ | «e00084 | =40240 = | =e0028 | =41824 3 0 |=40631 | -+00368 = [*e012Y | =o1636 |~s4815

3 2 21134 «2890 30 =5 0023 «31890 | 2 «8020 02519 49 -e0122 ~el771 |=e4l153

3 & +2509 «5242 34 =~e 0002 =-42102 3 4 leS4lé 0 44T3 49 =s0200 =¢1917. {~s4022

3 6 4451 «6715 | 39 | =40006 | =s2433 3 & |244540 5920 | A9 0287 | -42091 [=e33T2

3 8 +6985 6922 | A3 +0005 | =,2833 3 3 |3e5107 oTA03 | 30 240290 | =e2417 [—e297S

3 10 «984A0 T84 AS «0014 =+3185 -

3 12 le2857 +7921 | A6 «0056 | ~¢3553

3 1a 1e5979 «8353 AT +0052 =e3803

3 1s le 7846 «8375 AT +0068 =+ 3959

& ] =+ 0084 -s0100 - =3 0032 =a25872 4 o ~a 0568 ~s0087 - -e 0021 =+2315

4 2 1216 a2731 33 =e0033 ~2664 L} 2 «8020 +2749 A8 -2 0058 ~42505

4 4 226384 o497 36 -y 0008 ~e2972 L] » 146334 04702 49 =e0117 -0 2665

4 [] «4703 6194 40 =,0008 =g3418 & [} 248026 06208 &9 ~a0232 -+2898

4 8 a 7246 6528 L «+0005 =4 3889 4 8 3e4808 « 7821 49 -e 0366 ~s3258

L] 10 le0037 « 7134 AS =»0006 ~s4280

L 12 1e2941 «T76530 A& 20034 =2 4693 =

& 14 1s8167 «8127 A7 20037 =45043 .

4 13 |1.7972 8129 | a8 s00A4 | =45249 R

5 0 |=e0041 | =e00T1 = | =s0046 | =¢3449 5 0 [=s0589 | «40041 - 0018 | ~¢3126 [=47113

5 2 1299 02606 | 35 [ =40037 | =43581 5 2 «7809 2801 | 4B 20081 | =43328 (=482

s L) 22852 «4650 8 20024 =43981 5 & 1e6543 04942 49 =4 0008 ~e3532 [=0638Y

5 (] 14955 «3753 | .42 =+0005 =a 4544 5 [ 204943 +6483 A9 lell? =e3794 |=461080

3 8 «T49T «6313 | A4 | ~s0006 | =e4971 5 2 (345042 8393 | 49 [=g0409 | =.4308 [«45904

L] 16 le0317 «8789 46 =e0006 =+ 5490

5 12 |1e3209 oTA06 | 47 +0029 | =45900

5 14 146334 «TTA2 47 «0021 =a6362

5 12 148247 «TIT4 | A8 0046 | =.6580
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TABLE II.- EXPERIMENTAL RESULTS - Continued
g | a, X, 8 | a o] X, [+ C
deg [ aeg | N Cm | g,| @ ‘y deg | deg | N m | g7 @ i a
(c) Configuration B(Vytrap (d Confiquration BWeViylirap
] -] ~s 0419 *1536 - = 0052 «q40087 ] [} -e0679 s 1884 - =e0269 =3 0054 40300
0 2 +075%6 4626 = |=q0014 =30014 [} 2 «T709 «3778 A7 = 0234 20004 «0920
] & 42054 +7359 21 + 0095 =s0031 4 4 146311 «5396 49 |=40066 -:0131 s 1442
0 6 13948 «8993 | 32 «0154 | =40003 0 6 |2e4751 26554 | A9 |-e0064 | 40073 | #2028
0 8 sb4bl 9211 | 39 #0108 | =4,0060 [} ] 344647 s 7681 49 0088 | =40207 12691
0 10 09402 «9061 | 43 40182 | =¢0092 :
1] 12 le2492 «9392 45 «0170 =-40238
[ 14 | 145690 A 40243 | =,0282
4] 135 147492 +9862 A7 0199 -y0325
1. [} “s0425 «1781 - | =¢1013 =31A74 1 0 =0 0682 02052 = 1=41180 =al391 «3053
1 2 40707 4863 = | =40946 | =,1362 1 2 « 7696 03971 | 47 |=a1042 | =41290 | 2968
1 4 *2047 «7480 | 21 | =e0840 | =o1419 1 4 |[146138 5496 | A8 |=e0920 | =41364 | 43759
1 6 +3878 «9090 32 =s1328 1l & 244731 «6750 A% =,0854 =s1356 3382
1 ] 16412 «9307 39 =e 1451 1 ] 344558 s 7880 L% 40692 =e1500 03593
1 10 9411 «9189 | 43 1434
1 12 1e2485 «9587 AS =e1575
1 14 15747 «9889 46 ~41521
1 15 1.7510 09957 A7 =s0343 =31636
2. [} -2 0481 02248 - | =e2008 =.2904 2 o =e0612 02363 -  |=s2162 =-s2771 +5198
2 2 «0688 «3073 = |[=¢1862 =,2808 2 2 «7728 24372 A7 =-:1888 =e2843 35083
2 & +2157 #7697 | 22 [%,1882 | =.2838 2 4 [1.6202 $5903 | 48 [=s1691 | =42723 | JA30%
2 6 «4017 9189 32 | =e1751 = 2866 2 [] 24787 « 7150 A9 e 18632 - 2662 04201
2 8 26570 ° 9324 40 =41697 82977 2 344577 28469 49 =5 1434 | ~42955 44235
2 10 +9376 «9533 | A3 | =¢1481 | =42919
2 12 le2524 9175 43 =,1439 =¢3136
2 14 | le5739 «9906 | 46 |[=a1055 | =43052
2 15 | 1.7368 09928 | 47 |=s1120 | =¢3162
3 ] =«Q506 02654 - | =e2937 - 4379 3 0 =30554 02784 - |=e3126 ~s4180 18184
3 2 | 0702 a5452 - 3 2 7777 4782 &6 =3 2096 ~s4031 + 6962
3 4 2216 7843 | 22 3 & [1e6285 6378 | A8 |=22422 | -e4045 | «5958
3 [ 24203 «9243 33 3 [ 244899 27680 A9 [=e2273 -e3998 05223
3 8 6709 «9353 | 40 3 8 |3e4s97 s8899 | 49 [=¢2052 | -—a4178 | 4801
3 10 9543 09398 | 43
3 12 1,2614 #9609 43
3 14 le5880 9758 | A6
3 15 1.7677 09742 47 =e1814
& 0 |=e0539 *3287 = |=e3849 4 0 |=s0419 +3326 « |=ea057 | =e5701
&4 2 «0792 «5846 = | =e3706 4 2 7695 45387 AS -33527 =5481
4 & 22394 « 7984 24 |=.3718 L] & 146348 46890 A8 ~e3035 =a5438
A [ 819 9122 34 [=e3614 L) [] 244922 «8193 49 =e2816 =a5376
4 8 «7020 «9397 40 =e3434 L} 3 344761 49673 4% =a2619 =s5592
4 10 CIBTL | . <9413 | A3 | =43279
» 12 l.2820 09497 43 ~e2991
[ 14 | 146072 09662 | 46 |=42683
4 13 1.7829 09514 A7 =42514
5 o ~s 0521 04022 - L) 0 =s 0667 «3834 -  |=e5004 =s7318 |1e419%0
5 2 20972 «6435 - 5 2 « 7901 +6034 45 =e4321 «e 7060 |101529
5 4 +2640 «8168 | 26 s 4 [1e0a57 7514 | 48 1=s3651 | ~«b978 | J9218
5 6 4700 «9181 | 3% 5 6 1245336 089438 | 48  =e3306 | =46950 | #7631
3 8 « 7303 s 4TS A1 5 304922 1,0358 49 =¢3202 -s7069 6271
5 10 la0148 2446 A4
5 12 |le3248 9468 | 45
5 14 |1le6314 «9459 | A7
5 15 |1.8139 09335 | 47
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TABLE II.~ EXPERIMENTAL RESULTS - Continued
B a, X, 8, a, Xy
deg o | %m | g, | @ Cr | Cn Jaeg| aeg | N Cm | g% @ | &% | ©a
(e} Configuration B(Vp)ipap (9 Confiquration BWH{Vpirap

0. ] 40148 =e178B1 - +0013 =4001% ] ] -2 0538 -s1787 - [=s0154 =40041 + 1577

0 2 ol 1360 [ 43 |=40036 +0001 4 2 +8408 00284 | 851 [=e0112 | =+0086 | #2007

[} 4 «2557 «3942 38 | =.0027 Q 4 le6725 «1708 50 [=400ST | =e0l0% 20

[ & shigl «53377 41 | =e0042 «0030 Q [ 245779 «3262 50 «0072 =:029% o 3627

] 8 «695% 25493 43 =e 0029 =40043 Q 8 345312 +4269 Bo «0209 «s0388 486

] 10 9829 «5430 &7 e 0044 | =s0139

] 12 1.2837 +6008 47 |=40012 | =40160

4 14 le0124 «8388 AB 0012 | =,0162

[} 18 leT7878 «6548 | A48 | =e0034 | =g0144

1 0 40256 ~elb45 - 0979 =21491 1 ] =a0162 ~a 1024 - +0937 ~s1425 s4331

1 2 21351 «1353 | A3 «0927 | =31483 1 2 .| 8403 00219 51 21026 | =258 o$522

1 & +2680 3929 | 39 «0922 =31810 2 & 106637 «1786 80 41124 | =el1759 o691

1 [ shiel «5357 | Al 0925 =e 1871 1 6 245493 «3098 30 01363 | =201 «5298

1 a +6930 «5493 43 20928 ~e 1745 1 8 345293 s4129 50 41652 | =4225% + 9287

1 10 « 9864 oS484 AT +10%0 = 1989

1 12 1.2894 «6073 &7 «1013 =207

1 14 146239 “e 6431 A8 ¢1118 | =423508

1 15 1e7833 «6491 48 ¢1043 | =e2322

2 [} 20271 -+1832 - 01944 | - 2 0 +0022 =s1948 - 02033 -9283% o 7279

2 2 o188 | 41167 45 01922 -2978 2 2 ¢8327 | =,0003 51 2271 ~a3131 8782

2 & 02697 3655 40 21925 =43101 2 & 146578 21688 50 s2361 | ~e33TH 140912

2 L) 44389 +A959 42 1937 =s3330 2 [ 243427 #2907 50 2762 =s3804 [le24éd

2 -3 ¢ 7049 «5128 | A8 «2972 =e 3619 2 8 35381 23856 30 +3092 ~e4261 |la5204

2 10 *993] «82T73 | AT 02073 | =23943

2 12 le2938 «6208 | a7 02196 | =+A354

2 14 1e6142 «8253 48 «2236 =shS354

2 15 1e7919 «$329 48 02217 =s 44T

3 -] 402850 -e2170 - «2918 =e4501 3 o «0001 =o2146 - +30%0 = 4346 «950%

3 2 s 1466 «0691 A7 42938 | =44607 3 2 «8253 | =e0271 52 «3417 =+4643 |1e2233

3 & +2836 43083 42 02950 | =44799 3 4 1e6471 01452 31 13620 ~e5123 |1+4577

3 [ 04722 4247 &4 02957 | ~e5108 3 [] 245550 02769 50 +4183 | =a5743 (127218

3 8 eT221 4559 46 e3015 | =o5478 3 Je5181 «3643 50 24634 | ~e6286 (240524

3 10 le0035 4806 A7 23105 | =e¢5922

3 12 142989 5888 AS «3231 =s 6420

3 14 le65168 «5851 48 «3353 =y 6821

3 15 1la7987 5872 49 +3381 = 6987

& [ +0196 we2464 - «3874 | =46072 & 0 |=40267 | =e2711 - shlaY | =e5844

L] 2 a1488 «0173 | 80 #3906 | =.86227 4 2 e8115 | =40545 82 *4483 | =e6300

& L3 «2980 «22083 45 #3908 | =«86511 [ 4 1le6421 ¢1114 | 51 4936 | =631

4 [} 4933 «3341 45 43932 | =:8974 & & 25414 *2423 51 + 5480 =s7810

& a o T304 «3782 AT 13988 -y T399 & L] 3eA99% «3515 51 s8119 ~eB414

& 10 1.017% 4120 48 ohlsl = 7939

4 12 le3052 «ATA2 A8 s4314 | =+8502

L 14 1ls6183 «5224 | A% o423 | =a9072

& 18 1.8003 «5228 49 oAAAZ | =49245
L} 0 |=s0411 -e3111 - 05227 | =e7495 |1e8904
H) 3 «8000 | =+0874 | B2 s3874 | =e8112 [14%013
5 & 1led366 0774 51 ohl72 =eB64) (202104
5 6 [248225 «1976 | 81 7000 | =29513 [2.5961
L] ) 344906 03209 51 27210 |[=1e0543
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TABLE II.- EXPERIMENTAL RESULTS - Continued

25

B | a, X, B a, (o] X, C

deg | deg Cx Cm % G CY deg | deg Cn m %: G Cy n
(¢ Configuration B(VyVihrap Configuration BWy(V, Vihirgp

[+ [] -+0150 - «0010 | =a0058 0 Q ~e0633 0 000h - |=e0118 =2 0808 « 1548

] 2 «1177 «2969 | 30 «001% 20029 0 a 28168 21871 | M9 |=e0lbh +0018 | #1770

] » 2296 «5526 31 =0016 + 0018 ] ) 1.4853 03228 30 =0 0028 =~ 0073 «3009

[ ] [ 24208 o 7014 37 20048 «0118 [} [ 245500 sAAB0 50 [=e0042 «009) 3613

[] 8 6732 oT139 | 43 #0001 | =40102 -] 8 [3.5843 e5422 | 88 s0152 | =s0213 | +4904

] 10 o971l 6887 A5 20132 =40150

[} 12 12797 o7181 | A7 20042 | =e0147

0 pL3 1.5982 27507 47 + 0099 =~s0148

0 13 17706 «T812 | AS #0008 | =40290

1 -] #0150 - #0051 | =e2359 1 0 |=e0548 00569 = |=e0043 | -e2342 | 0N

1 2 »1091 3271 § 26 #0078 | =42331 1 2 +8241 +2001 | a9 20190 | =o2287 | 29187

1 4 2297 «5670 31 20050 =e2231 3 4 1e6725 03347 50 [1-23 .1 =s2402 |1084A8S

1 [ 4173 «T108 37 «0103 =2 I194 1 [ 25526 4550 30 «0501 =s 2428 |141907

1 8 « 6699 o 7281 A2 0153 = 2268 1 ] 35914 «5521 50 20009 =s2868 |143884

1 10 [ s ad «70%6 &S «0301 | =e22B6 .

1 12 142769 « 7295 o7 «03886 -2 2389

1 14 145975 «T688 A7 0607 =32810

b3 15 14770 . A8 +0590 =32488

a, [} =2 0044 «0257 - «0088 =4 4716 2 o «, 0508 0139 - «00086 | =s0485 103854

2 2 21128 3325 27 «0las | =sAb42 2 2 « 8251 82169 | 4% 00502 =sh6l0 (1206209

a & 22383 5708 31 #0120 =3 4577 2 4 146805 43570 50 «0953 =s4814 |1eTABL

2 [ 2A281 07081 | 37 «01 =g 4501 2 6 |245565 ads3? | 30 01212 | ~e4903 |1e8338

2 8 6775 7178 A3 «0261 =a 4754 2 345938 5680 s0 « 293 L5371 (240829

2 10 09653 « 7174 43 s04646 | =0 ATTT

2 12 | 142807 07393 | M7 s0667 | =eA958

2 b3 145967 «T575 A7 «0909 = 4905

2 15 147760 « 7687 AS «0973 =3 5058

3 0 =2 0090 #0605 - 20123 =s 7066 3 [} =20470 20282 - +0072 =8908 (202664 T

3 2 o116l *3312 8 #0199 e 7043 3 2 2 8259 2218 Lod « 0859 =s7043 (2035257

3 4 + 2439 5514 34 «0187 ms 7048 3 L] 146828 #3636 50 «1512 ~37319 (2¢4850

3 [} 4354 o858 b1 «023% =s 7068 3 [} 245303 o A735 50 22058 = TADH .

3 +6980 «6891 A3 «0359 | =47234 3 8 35786 05629 [ 1] 02560 8034 240139

3 16 09843 6877 46 20592 = T347

3 32 la2833 «7001 A7 0882 -s 7518

3 14 1e6049 «7136 A8 «1150 = THEO

3 18 1s7792 *7230 A8 +1292 =777

& 0 =e0138 «0906 - «0151 s FAHG & 1] =+ 0395 «0530 - «016é -2 9359

L) 2 +1233 «3262 29 40263 =3 3475 & 2 +852% 42320 o « 1257 = 9476

L A ‘o288l a3295 38 #0257 -o PhA4 L) L) 106777 *3414 50 02124 =-9642

L3 [} 4432 +6398 40 #0320 =y PESH L] & 25541 04684 $0 «28T71 |=1¢001%

& 8 27213 «6541 o s 0456 s 9T L) 3:5TA3 YY) $0 s 3443 [=1.0649

& 10 1e0051 8402 A 00732 =s99%3

4 12 1.3013 «6590 &7 «1113 |[=1+0100

Ld 14 le6126 «68456 48 21803 |=1,0297

L) 15 148027 «6898 48 «1724 |=1.0507
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TABLE II.- EXPERIMENTAL RESULTS - Continued
B | a, . X, 8, a, X,
dog [deg | N | Cm | g, | G % deg | aeg | ON ’m | 3| G Sy
() Configuration B(Hipap () Configuration BWgH)trgp
0 [} =e0372 «1348 - «0123 «0027 0 0 =a (380 « 0888 = [=a0278 -«0012
4 2 +4182 | =1.1387 T4 « 0102 =e 0045 0 2 140209 =+8800 59 =e018) =s002¢
4] & «8514 | 244375 73 «01%0 =~e 0134 ] 4 240999 [=149032 59 =40001 30058
1] 1) 1e0741 | ~340386 75 #0221 =s0120 . r
. o ] 342632 [=2.01%¢ 5 « 0040 -e0133

1 ] ~e0332 «1268 - 0122 =2 0556 1l 1] ~a0504 42072 = |=s0126 =e0509
1 2 oA1TS |=141684 75 «0060 =e 0634 1 2 1,0250 -¢3831 " -e0079 0541
1 4 08523 | =2.4407 T8 «0109 = OTTS b3 & 200944 |=-1.8821 -1 « 0072 ~eC00A3
1 5 140779 | =3,0888 ki «O137 | =40863

b [ 342500 |-=3,0105 59 0030 =30638
2 0 ~es0291 +118% - 2 0 «e0503 01067 - =s0094 -«1078
2 2 64138 [~1le1674 75 2 2 1.0284 | =,8838 58 «0015 =21099
2 & o8784 | =244661 75 2 L) 201111 (~1:8986 s 20073 =21227
2 L] 140849 |«3,0926 s

2 [} 342320 [=2.9874 | 39 « 0028 =e1308
3 0 -e0292 «0965 - 3 o ~e0753 «1326 - ~e 0073 =s1662
3 2 «4182 | ~141729 | 78 3 2 140354 | -4 8877 | 58 «0070 -a1742
3. L) 48629 | =244761 7% 3 & 201132 [=1e8%953 | 59 +008s =e1884
3 L] 140890 | =3¢0706 7

3 & 342319 [=249728 | 59 40098 | =s2902
4 [] -s0252 «3851 - +0131 =e2572 L) 0 |=40795 «1291 - +0004 =32353
L] 2 «4188 |=1.1800 13 « 0058 -y 2735 4 2 140437 -e 8891 58 +012¢ =s 2431
L) & 48712 |-24421 78 10033 =e3118 & 4 241305 [=1.8849 59 s0137 | =22618
4 5 141072 |=3,0688 TA 20003 =e3397

L) 6 3:2359 |=249292 59 #0109 ~s 2708
] ] -¢0283 «Q77 - «0110 =g 3491 L] [ =~ 0754 *1362 - « 0071 =e3201
5 2 «A187 |=141874 T4 « 0037 =e3641 B 2 140602 - B8TA 58 0229 ~+ 5328
L] & 48808 [=2,4321 T4 40008 =a4l143 5 4 2,1330 [~1,8425 59 00237 ~s3530
5 5 141214 | =3,0597 TA | =40028 [ =44397 .

5 [ 302189 [=248329 |1 40061 =s3732




NACA RM L58E26

TABLE lI.- EXPERIMENTAL RESULTS ~ Contlnned

g, | a, X, . 8, @, X,
deg | deg CN Cm % G CY deg | deg CN cm %1 C CY
() Configuration B(HVy)irap 0) Configuratton BWEVylirep
-4 0 | =+0751 3374 - «0047 | =40059 0 G |=e084a 2837 = =s0151 | ~e0012
] 2 + 3686 =940 73 40107 20102 o 2 9932 =e8913 » =e0043 40060
[] 4 28247 | =242586 | 74 00225 | =,0062 ] 4 [201027 |=107816 | 58 |=e0Q011 | ~es0044
[] 5 | 140893 | =2,8652 | 74 «0277 | =s0123 r
- [ & [342118 |~2,85085 | 59 «0026 | =40078
1 0 |=+0761 «3343 = | =e0941 | =51423 1 0 [=a0849 23006 - (=all32 | =s1390
1 2 23621 | =.9353 | 73 [=,0783 | =,1385 1 2 e9899 | =e6T70 | 7 (~=e0884 | ~s125%6
1 4 8279 | =242573 | T4 |[=40779 | =41506 1 4 [2,077T1 |=1eT4L1l | 38 [=e0781 | ~21359
1 5 | 100384 [ =2,8684 | 74 |=,0543 | ~;1434 ,
1 L] Be2148 [=2.84%0 39 -2 0637 -2 1296
2 ] -a0734 «3365 - =s1802 =y2875 2 [} =e 0866 3226 - =32087 =22788
2 2 +3638 =e%16%9 T2 ~31743 ~e2823 2 2 + 9933 =0 6589 57 =ed712 =e2345
2 4 a8353 | =2,2546 | TA [=e1729 | =s2940 2 & 1200024 [=147266 | B8 [~e1506 | ~e2631
2 5 | 100801 | ~249056 | T4 |=~el&76 | =~43000 . .
. 2 L] 302203 [=248301 29 =2 1300 ~a2659
3" o —a 0678 +3593 - =a2T6A o 4340 3 o =~e0808 3447 Gl = 2941 -‘ - 4222
3 2 23729 =,9080 T2 =g 2043 ~34330 3 2 140022 - 6448 57 -e 2572 =e 3995
3 & 08384 | =242236 | 73 |=s2688 | ~o4523 3 4  ]241037 [=167014 | 28 |=e2272 | =e3960
3 5 | 1e0T33 |=2.8439 | 73 |=e2615 | ~.A587 .
3 6 |342319 [~2,7918 | 39 [=41858 | =s3954
A 0 |=s0630 23738 = | =33682 | =.5056 4 0 [=¢0720 ¢3883 - eI | =SAN
4 2 eT853 | ~eB8834 | 70 [=e3840 | =a5883 4 2 140200 | =06228 | 56 [=e3165 | ~e3422
4 4 +8612 {~242IAT | 73 =e35399 | =46113 L] 4 24,1264 (=1,66%9 58 -2 2850 ~e 5381
4 5 1 1e0873 |«2,8227 | 73 [=43892 | =46291
& 6 342365 [=2.720% | 58 [=e2562 | ~a535¢
] 0 | =e0542 *3974 = | =ed599 | =47599 s 0 l=e0552 04243 = |~e4763 | =~47293
5 2 03981 | ~B8521 | 69 |=e4515 | ~s7611 s 2 140479 | =¢5786 | 56 |=sA0A1 | =47042
5 A o8734 [=2.1616 | 72 [ =4a509 | =47838 s 4 [2:1449 [=145936 | 58 [=43560 | ~:b998
L} 5 [1ell18 | =2.78867 | T2 |=ad496 | =08015
L] 6 (342251 |~246201 | 38 [=e3283 | =e6939
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NACA RM L58E26

TABLE II.- EXPERIMENTAL RESULTS - Continued
g | o . x B a Xy
aor | dex | ©x m |3, @ oy aox| & | o °m | g3| @ Cy Cq
(m) Configuration B(HVptrap (n} Configuration BWABV gy

0 0 [=e0164 | =e0312 - «0146 | ~40032 [ 0 [=40590 | =40676 - 00093 | =,0087
[} 2 04368 |=).3304 n «Q147 =a0017 [} 2 140750 [=1,1189 40 l=e 0033 -4 0029
] & «8780 (=2.06248 T «0203 ~e0223 0 & 2031700 [~241825 [14 +0057 =e0162
[} L] 101200 |=3+2866 76 «0214 | =40166

0 [ ) 343090 [(~3,2439 80 00232 ~e0130
1 0 ~s0119 —.0-595 - 21133 1 [} =30288 ~s0909 - «2002 =21468
1 2 o h435 [~143552 7 «1128 1 2 10757 [=1l4l199 60 «1188 -o 1544
1 & 28813 [~2,6270 76 «1076 1 & 201719 [=24188% 60 41335 =s1730
1 5 141140 |=3,272% 76 21054

1 [ 343047 =3.209%8 60 41645 =s 1924
2 [ =e 0087 -s0589 - 2186 32998 2 ° ~e 0314 [ =41127 - «2026 - 2878
2 2 ehhAQ (~1e374] n 207 =s5034 2 2 140720 [~1,131% 60 02438 =¢3108
2 ) «8831 |=2.4361 76 «1983 - 3257 2 L) 201706 =242030 60 2559 =e3329
2 L 101288 |=343063 76 21585 =a3430

. 2 [} 3.2984 [=3:2T711 [ 1 «3113 ~e 3707

3 0 |=e0192 | -.0829 - 03120 | =44524 3 0 |=s042% | 41382 - 03263 | ~¢4354
3 2 4456 |-1.4024 18 23084 | =44639 3 2 140582 -1.12528 (1 «3633 ~ohé87
3 L) 08927 |=2+6743 T6 02972 =0 4959 ? & 241812 =242411 60 « 3933 ~e5121
3 5 le1296 [(=3,327¢ 76 «2878 =y 51858

b ] [ 3.2996 [=3,3011 (1 abh94 -+5683
4 0 [=+0193 | =ei1123 - 4094 | =a6124 & 0 (=40820 | =s1534 - 4218 | ~4B817
4 2 «4510 [-144469 | 78 4067 | =46338 4 2 |1.0524 |-le2B29 | 62 «AB66 | =334
& 4 a8946 [=2.T046 7 +IBAT =y 6674 & L3 201518 [-2:2532 60 a3107 ~=:86801
& 5 1e1348 |=3,3550 T6 «3863 ~e6980

L [ Be2774 =3:2985 40 + 5800 s 7559
L Q ~e0296 ~elhé2 - «5064 - T842 ) 0 s 0631 =21703 - «3315 ~a 7328
L] 2 e4395 |~1.4538 | 79 «5034 =40120 5 2 1s0380 (=1,1992 61 « 4050 ~e 8082
5 4 +8918 |-2.7288 | 77 24813 | =,8582 s 4 (201323 [=202624 | 0 e6407 | ~a8626
5 5 1e1400 [=343013 76 +ATES e B8

] [ 302543 [~342406 (14 4991 =s9423




NACA RM 158E26

TABLE II.-

EXPERIMENTAL RESULTS - Continued

B8 |- a, . X, B, a, X,
deg | deg CN Cm 2 (=] CY dog | deg Cn c“‘. <1 G Cy Cp
{0} Contiquration B(EV,Viltrap () Configuration BWHEV,Vihirap

-] O |=a0416 1399 - «0109 =a 0046 [} 0 =0 0652 «0940 - =0 00T2 =+0048
0 2 24007 [~141363 78 «0159 =40003 [} 2 140500 = 9429 59 «0019 =s0015
] o o8388 |~2.4134 75 20101 =e0293 [} L3 241505 [=2.019¢6 59 «0259 =s010%
4] L 1.0688 |~3,0357 ki «0188 =,0091 . b

o [ 242690 [=3.1244 59 40291 ~20108
1 [ =s 0461 «1431 - 0145 =22368 1 [} - 0631 21054 - 40052 ~e2308
1 2 e4061 |~=1e1528 75 « 0193 =s 3316 1 2 1.0568 =09396 59 40418 ~e2288
1 A «83%86 [ =2,3952 73 «0116 =,2131 1 L) 241556 =2.0114 39 20653 ~e2436
1 L] 1:064% | =3.,0276 ki «0201 =4+2320

1 e 32726 [~341236 59 00934 ~e2b624
2 0 | =e0469 «1588 - «0232 | =04T711 2 0 =091 a1190 - «0062 | ~s4887
2 2 s4063 [=1,1470 ke d 20254 =44608 2 2 1,0533 -+ 9282 Eod «07T51 44578
2 & eBAOE (=2e4134 18 «011% =4 4661 2 4 241606 [=240336 52 1147 - 4858
2 L] 120734 [=3.04238 1 0187 =3 4791

2 [} 3.27T46 [=341891 59 01622 -5 5054
3 -] -~ 0477 +1585 - +0253 =+7057 3 ] =s0598 sl261 - +0170 ~:6858
3 2 24128 [=141650 b e ] «0290 -e 6987 3 2 140452 -s 9299 59 21078 -16961
3 4 «8A8S | ~2.4185 T «0138 =sT17T3 -} L3 24,1626 |=-2,0383 el 1681 =s728%
3 H) 140885 |=3.0531 ™ 20162 7295

2 [ 342356 («3:1214 59 e2403 -2 TA%2
& o =+ 0487 «1573 - 00299 | =a9418 » [} =e0613 «1339 - 0274 9248

4098 |-1 153% 0354 | = 9430 LY 2 10327 =s9407 59 2498 ~s9373

& & 48563 [=2.,4131 ™ +0159 =, 9548 & & 241554 [=2,0282 39 2301 -s9738
L) 5 140976 j=3.0508 T4 20159 | =,9770

4 [ 342396 [=340338 59 +3083 -a9915
-] -] =0 1941 - «0134 1=141775 3 0 o067 01449 - 40373 |=lel662
] 2 e4240 |=1,1530 b 00209 |=121880 ] 2 1e0814 | =c9348 a9 s1400 [=1,1843
5 & s8637 |=2.3843 T4 20192 [=1e2137 L] & 241349 |=1.9885 59 s2190 |=1e2160
5 s 142122 [=3.0420 ™ 80172 [=1e237%

5 [ 342502 |-~248957 59 «344T |~1s1261




28 APVPrEiGidGe NACA RM L58E26
TABLE II.- EXPERIMENTAL RESULTS - Continued
A
B, | a, X, 8, a, X, C
deg | deg x Cm z: G CY deg | deg Cx Cm % G Y Cp
(@ Configuration B(Vi)grl (r) Configuration BWg(Vyhirt
0 0 =s0374 «1233 - ] o =-e0788 01393 - =e0248 «00A8
-} 2 0715 4216 - -] 2 ¢ 7679 «3460 48 =es0167 +0003
3 4 02094 6755 24 0 & leb45) 5057 49 =s0156 =e0027
[ & 3957 8399 34 o [ 4 2¢5128 06343 49 |=4003) -+ Q08T
ol 8 «6408 #8820 | 40 (-] 8 [344908 «T527 | B0 |=e0054 | -4023%
[ 10 «3170 09306 | 43
[ 12 | le2282 «3498 | 4B
0 14 148639 ¢9640 A&
[ 15 | 1eT440 «95LS | A7
1 0 | =e0422 1394 - 1 0 [=e07%9 01521 = |=¢0692 | =e1229
1 2 +0709 «A331 - 1 2 s7T19 03566 | 47 [=e0618
1 [ «2047 «6BA0 | 23 1 4 |leb369 0335
1 & 43947 8467 | 33 2 6 (244539 6461 | 49 [=e0353
1 ] ¢6454 «8792 AQ 1 8 BahaTh « 7661 49 =e0858
1 10 «9166 «G089 | A3
1 12 142306 09368 48
1 14 | 145743 WOA92 | A6
1 18 | 17584 09335 | A7 0425 | =,1054
2. [} ~e0451 #1713 - =ellB51 =s2636 2 [ ~a 0744 «1713 - ~+ 1253 -+250%
2 2 «0721 4581 = | =el0a0 =e2619 2 2 «T719 «3878 47 =e1106 ~e2396
2 4 02099 06926 | 24 [ 40972 | ~a2541 2 4 |1e6339 ¢3333 | 49 [=4ll26 | =2412
2 [ «3998 *B8400 35 | =e0840 =e2480 2 [ 264967 26753 9 =e 0969 = 2480
2 .3 «6562 8621 40 | =40098 42596 2 8 344309 28004 49 |=el0S4 “e25%4
2 10 9349 +8591 A4 [ =4Q428 =42246 }
2 12 142817 «8626 A6 =20077 =41999
2 14 | 15847 «BGAB | AT 0272 | =e2058
2 15 1l.7725 8541 | A7 «0410 | =e2010
3 4 =210542 02164 « |=al785 =e4104 3 4 =:0712 «2007 = |=s1884 ~e3865
3 2 0751 «A816 - =e4026 3 2 7778 4152 | 47 |=41629 | =s3729
3 4 +2169 «T0A7 24 3993 3 4 146324 «6010 48 =12590 ~e349¢
3 6 s4100 8364 | 34 =4 3919 3 & 1244990 «T288 | 4% [=01393 | =4378¢
3 -] +6683 «8A25 Al =-+3758 3 8 244373 «8570 49 =0 1379 =43851
3 10 +9697 8189 | 44 3542
3 22 | le2782 «7859 | 46 3310
2 14 | 245992 07989 | &7 3297
3 15 | 27909 oTRAT | 4B =2 3827
4 0 [ =e0856 2890 = [ =e234T | =o45548 4 0 |=a0664 02596 = [me2370 | =e5244
L] a 0712 «8263 = (=e2118 =e 5436 4 2 +7858 04765 46 =+ 1981 =+3082
A 4 «2254 oT261 | 24 | =41957 | =e544T7 4 4 1146147 6454 | AS  |=e1891 | =e5005
4 [} 04265 o8221 | 35 | =¢1740 | =45407 4 6 |244847 7863 | 49 |=e3T15 | =5086
4 ] 06963 o8390 | A1 | ~.1468 | -¢5187 4 8 |%44568 a¥342 | 49 |=alT707 | =45115
L4 10 19890 «8002 45 =e1136 =485043
4 12 le2967 +7699 46 =4 0700
4 14 | leél9l oTEAT | A7 |~=40261
4 18 | l.8001 a7800 | 48 | =~.0162
5 [} ~s0792 «3634 ~ |=e20838 5 0 ~+0893 «3193 - =e2018 =649
5 2 «0649 56831 = | =e2561 5 2 + 7662 ¢5309 | A3 [~e2427 | ~e6B34
5 & *2395 «TH78 25 ~e2337 5 4 leb316 « 7187 A8 =02122 =s6339
] & «4524 «8299 36 ~s2086 ] 3 245050 «8618 48 ~s1916 =e6428
s 8 «T169 8367 42 =e1763 3 ] 3e4816 140162 4% [=e1941 ~s 6474
5 10 [le0131 8008 | A3 | =42466
5 12 1le3109 «7850 46 =sl048
"B 14 | le6260 07864 | AT | =40671
5 15 1l.8213 «TTAL 42 =es0614




NACA RM I58E26

TABLE II.- EXPERIMENTAL RESULTS - Continued

B | oy . X, 8, a, x,
deg | aeg | Cm | g,]| @ %Y deg | deg | ON ‘m | x7| @ %
(s} Configuration B{V)ie { Configuraion BWLVjliep

[} -] «0251 | =.1595 - +0006 | =.0029% 0 0 |=¢0297 } =41526 = |=40193 | =40084
[ 2 a1437 «1581 | AZ | =:0054 «0030 [+] 2 « 8499 0893 | 51 1=40195 | «.0036
[4 L «2726 «3966 | 39 [ =e0048 | —40028 -] 4 [le.6838 «1980 | 30 «005C | «a0118
o -3 44524 5319 | 42 [ =40094 20103 Qo 6 [2.5312 3219 | 50 00098 [ =40192
o[ 8| 7103 «5303 | A5 | =40078 | 4001& ] 8 |3.5367 | eal17 | 50 ¢0177 | =e0267
0 1¢ ; 1.0039 05262 | A7 | =a0046 | =40043 .

[ 12 1.3072 «5206 | 48 | =,0087 | =40013

[} 14 | 1.6471 5272 | 4% | =e0077 40031

[ 15 148307 5394 | 49 | =e0073 | «,0043

1 -] 40256 | ~elASS5 - «0594 | =41372 1 0 20128 | =41397 - +04Al8

3 2 ¢1440 | 41513 | a3 00566 1 2 e8326 | 40585 | s1 | ,0500

i 4 | e2731) o39% | 39 40558 1 4 )1e6798 © 42053 | 50 +07%

1 . #4572 «5309 | a2 40530 1 6 [245321 o3236 | 50 «0833

1 8 #7116 #5307 | A8 #0539 1 3 3.5285 o4l66 | 50 209856

1 | 10 ] 1e0015 5272 | 47 | o581

1§ 12 13092 5509 | 48 «0571

1 14 | 16409 “e5634 | 48 00892 | =41934

1 15 1.8315 oFA3T | A9 00840 | =42107

2. 0 | 0241 | =-e1547 ] = | 1193 | =e27T2 2 [ «0118 | =41899 | = | 21059 [ -.2812
2 2 | 41506 | 1328 | 44 | 41216 | -e42921 2 2 i «8512 | 0527 | s 01218 | =s2790
2 4 | «2761 ] 43751 | A0 | 41229 | =e2866 2 4 |leeT3s +2073 | 50 21404 | =43147
2 6 s 4827 5008 | A2 o1179 | =42979 2 6 [245399 e3221 | 30 01689 [ =43482
2 8 s 2221 «5114 | 48 21218 | ~o3307 2 8 33250 422} | 50 +1896 | ~e3277
2 10 1l.0188 «5182 | A7 01234 | =43540

2 12 143165 «5513 | A8 01306 | =¢3894

2 | 1a | lesssl 5641 [ a8 01333 | =44075

2 | 15 [1a8291 | 5357 A9 41322 | =.4153

3 [} 0332 | =41818 - 21793 | =,4218 3 ] 40088 | -41852 - 1712 | =43984
3 2 «1594 «0874 | A7 1873 | =e4310 3 ‘2 #8502 0303 | 51 21937 | =e4291
3 & 2930 «3178 | A2 21893 | =shh46 3 & le6743 a1964 | 50 02324 | =eATTY
3 . CABTS |  AA52 | A4 | 1858 | =44713 3 6 |245668 | <3240 | S0 02613 | =o5231
3 8 | 7383 4568 | a4 01879 | =,50%6 3 8 |3e5269 eA150 | SO | +2808 | =384
3 10 1.0344 o862 | A7 21907 | =45473

3 12 143233 3245 | 48 21979 | ~=45782

3 | 14 | 146320 3396 | 49 22064 | =46173

3 [ 15 |1es338 «5030 | A9 02099 | =46457

s 0 | 0361 | =e2308 | ~ | 42372 | =575 4 [ e0122 | =42312 | =~ | 2299 | -e33%8
A 2 +1699 «0281 | 80 22508 | =,8923 & 2 8560 | —40093 51 02718 | ~o5812
A 4 | 3187 ] 2389 | 45 | L2533 | =.6128 4 4 1146789 | <1596 | 51 | +3128 | ~ae333
4 6 5098 o3068 | 46 02520 | =.6365 4 6 [243426 | 2691 | S0 «3444 | =06960
4 .3 *7643 23960 | A7 02524 | =,6849 4 8 |3+5285 «3773 | 30 43615 | =4T736
4 10 140499 o439T | A8 02597 | =47337

4 | 12 13350 o4823 | 48 | a2638 | -,7818

4 | 16 |les362 | 5231 a9 02807 | =a8304

4 | 15 [ 148329 | oATIS | 49 | 2812 | =536

5 0 «0413 | -.2821 - 42894 | =4T7307 5 g «0LTG | ~e2557 - 42896

L] 2 o1825 | —e0544 | B4 43067 1] 2 +8651 | —4050% | 82 « 3378

5 4 | 43409 +1433 | A8 «3127 5 4 [1.6672 [ e0929 § s1 3928

L [] «5408 2558 | &7 «3157 5 6 |2.,3583 2136 | 51 04399

5 8 «T883 «3199 | A8 «3166 5 8 | 345284 ¢392 | 51 «4321 | =,9570
5 | 10 [l.e722 «3683 | 48 | 3309

s | 12 |1e3583 «A210 | 49 43422

5 | 24 |lesses «A366 | 49 43583 | =120546

s 15 | l.8433 04208 | 49 | 4360% | =1,0700
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TABLE II.- EXPERIMENTAL RESULTS ~ Continued

NACA RM L58E26

8 a, X, 8, ay X,
deg | dog | Co g7 G Cy Co faex| aog | Cm | %71 & Cy Cn
(w Configuration B(V, Vil (v} Configuration BWgLVyViipt

-0 0 [=+0084 | =.0180 ~ ]=e0001 4 0 [-s0506 00063 | = |~40159 | =40041
[ 2 1134 2670 | 32 |=¢0020 +0103 0 2 28042 01815 | 49  [e0121 +0017
0 & 02384 5082 | 34 [~=.0044 «0132 0 4 [1,6631 ¢3233 | 50 [e0071 «0001
0 6 | es243 6479 | 39 (~00023 «0LT7 0 6 [245279 14348 | 50 [=e0097 +0016
0 3 +6858 «6633 | 43 |~.0008 | =.0088 [} 8 (345667 8222 | 50 00087 | -s0192
0 10 9717 6962 | A5 |~e0013 +0030

] 12 142789 «6908 | 47 |=,0024 | =,0087

[3 14 146197 «6732 | 48 |-40061 | -.0116

0 13 | 148109 6440 | 48 |~e0089 | ~e0160 L

1 0 |=e0084 | ~40100 = |=e0010 | =22074 1 0 0418 ¢0165 ~  [e009% | =e2014
1 2 01092 2935 | 29 «0070 | =4199¢ 1 2 8107 1986 | 49 «0065 | =298l
1 4 +2385 «5156 | 33 00089 | ~41959 1 4 [106838 «3343 | 50 40180 | ~s2034
1 [ 4202 6559 | 38 20138 | =22792 1 6 [245349 «4512 | 50 00231 | 202124
1 8 «6902 6642 | 43 #0243 | =,1811 1 8 345375 5451 | 50 00464 | =42401
1 10 +9691 6754 | 46 «0360 | =41830

1 12 [1.287% «6TTE | AT 0561 | ~s1702

1 6 |1.6243 6573 | as 208356 | —41685

1 18 |1.8112 6202 | 48 «0941 | ~42908

2 0 |=e0125 «0280 = |=s0014 | =s428¢ 2 0 |=s0419 +0278 = [s0023 | =ea09L
2 2 1089 »3082 | 28 «0157 | =,4183 2 2 9132 2197 | 49 00252 | ~s4060
2 4 «2425 5263 | 23 00229 | ~e4056 2 4  [1e6b65 +3641 | 50 «0A93 | =qa231
2 [ 4321 «£434 | 39 «0328 | -43922 2 6 [205347 4624 | 50 #0704 | =o4299
2 [] 6941 5488 | A4 0491 | ~43881 2 8 (345204 #5670 | 50 0985 | ~aa726
2 10 «9846 06339 | As 00731 | =43630

2 12 143062 B3984 | AB +1135 | =,3838

2 14 [le6424 «3927 | 48 ¢1536 | =e3483

2 15 [les190 5537 | A9 1658 | =.3523

3 0 [-s0251 «0818 ~ |~e0007 | ~46526 s 0 l=s0422 00424 - 00026 | =46203
3 2 01121 «3086 29 00248 | =e 6405 3 2 o 8231 02279 | a9 20439 -s6208
3 4 2537 5049 | 33 00385 | =46340 3 4  [1e6718 03760 | a9 00855 | ~sga82
3 6 4548 «5219 | 40 «0531 | =,6219 H 3 5478 04861 (80 | 41213 | ~e6477
s [ «7107 «6209 | 44 00722 | =e5940 H 8 [9.5322 5825 | 50 ¢1538 | =47137
3 10 |l.0083 STOS | 47 «1035 | =¢53738

3 12 143269 5226 | as o1534 | =a5584

3 14 146596 #5103 | a9 01994 | =,5636

] 18 |1.8404 «AT2T | 49 #2137 | =45786

A 0 |=e0295 «0782 - «0015 | ~.8718 4 0 [~e0344 <0488 - #0117 | =4822
L 2 #1190 02973 | 31 40351 | =,8862 s 2 8284 02326 | 49 00715 | =e8391
4 & 2641 4752 | 37 0552 | =e8822 s 4 (166746 #3793 [ 49 01269 | =eg391
4 6 14685 «3809 | 41 #0763 | -,8508 3 . *3838 +4830 | 50 01709 | ~e8961
4 [ 7328 5847 | 45 00972 | =48186 & 8 «5359 5946 | 80 e2105 [ =s9434
4 10 |1,0327 5451 | A7 #1361 | =,8061 :

& 12 143887 «4907 | a8 +1888 | =,8037

4 14 [le6612 oAT79 | 49 02401 | =e8148

4 15  [1.8450 04529 | 49 02518 | ~e8315

5 o |~s0290 »1000 - +0049 |=140971

5 2 «1253 2805 | 33

5 4 +2018 4439 | 38

5 [ « 4892 «345) | A2

3 8 « 7490 5423 45

5 10 1. 0447 «5160 [ AT

] 12 |1l.3807 4796 | A8

5 14 [1.6671 4388 | 49 22748 [=1,0798

5 15 (21,8472 4356 | A9 +2879 [~1,1020
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TABLE I1.- EXPERIMENTAL RESULTS - Continued
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8 | a, X, B, a, X,
deg | deg Cx Cm % G cY deg | deg Cn Cm % G Cy
(%) Configuration BWr(Vyhrap (x} Confiquration BWyp(Vy)ipt

[+ 0 20038 «0816 - 0165 «0058 [} ] =40797 01713 -

] 1 3306 ~e3380 60 #0202 =40048 0 1 43364 =a3643 &0

0 2 a 7267 -+3915 2 +0166 2« 0129 Q 2 « 7400 =e9271 [ ]

[} 3 1e2303 | =145565 62 «0240 «0118 0o 3 141939 |=145260 [ 13

] & 256294 | ~2.1184 62 «020% 20260 [} & 1e5829 |~24,0720 62

-] 5 200902 | =247146 62 20325 «0292 0 5 240600 |=2.6853 62

0 [ 25406 | =343370 &2 00200 10248 ] & 264795 |=342713 2

1 ] «0078 «0935 = [ =079¢ ~s1322 1 0 |=s0593 21462 -

1 1 43672 ~e3767 &0 =40700 =a1346 1 1 23342 -e3576 [ 1]

1 2 27382 ~s8926 81 =2 0719 ~s1160 1 2 oT382 | =49271 (3

1l 3 161886 | =1e4940 62 =eQ640 =g1l27 1 3 101973 |=1,5258 62

1 & 146220 | -2,0832 62 =a0663 «,1060 1 & 145842 |=2,055¢ 2

1 5 240759 | ~246801 62 —-e0574 -e0922 1 5 200605 |=246932 Q2

1 & 245853 | =343348 62 = 0685 =q10Q1 1 [ 204996 | =3,2927 [}

2 -] «0099 01222 = | =ed725 | =e2730 2 0 | =e0340 «1623 = |=elll3 | =02508
2 1 «3691 ~e3558 11 ~¢1603 =e2747 2 1 «3471 ~s3694 [ 1} ~e 0986 ~e2AT?
2 2 « 7367 ~e8499 61 |'=41613 =-22526 2 2 «TA12 =~ 9161 62 |=a091% ~e2394
2 3 141901 | —le4548 62 -,1548 =-a 2471 2 3 142006 |=145201 62 -$0820 ~-e2376
2 4 1e6171 | —240456 62 «41520 =-22355 2 & 106207 |=26113¢ 62 «-s 0824 ~e2351
2 S 240701 | —246402 2 =al462 | =42295 2 5 240709 [=2,7009 a2 =4 0769 ~-22303
2 [} 2,5600 | -3.2963 62 | =¢1519 2296 2 [] 25027 |=3,2808 2 20743 ~e2283
3 [} #0151 «1518 = | =e2638 =34226 3 [ «s0341 01621 = leylbly =e3948
3 1 *3736 =+3251 | 59 =e2523 —e423] 3 1 03499 -e 3557 60 |=e2542 | -43913
3 2 sT3T4 | —=0B8039 | 60 | =42542 | =,4037 ? 2 «TTT4 | ~e9305 61 |=e2398 | =43811
3 3 141928 | =144126 61 =e2451 =-e3869 3 3 1s2096 | ~1e5036 62 =¢1319 =s346%0
3 & 146215 | =1.9973 62 32430 -+ 3809 3 & le6354 [-2,0985 2 =-a1279 -s3637
3 5 240482 | 245577 62 -22387 -2 3781 3 L] 240827 | =246938 [+ =21219 =e3589
3 [ 25516 | —342242 62 =22352 [ =oa3752 3 6 205297 [=3427%% 42 |=¢11% | =0330¢
& [ «0280 1875 = | =¢3535 =,5812 A 0 |=.0338 2002 - =s5400
& 1 3851 ~e2822 57 =e3367 ~e5697 L) 1 #3577 -e3003 39 =~e5255
4 2 « 7544 -s7562 60 =e3420 4 2 7735 -e8787 [ 23 3134
4 3 141902 | =143514 [ 33 =e3313 L 3 12198 | =1e4792 (23 5047
4 4 1e6137 | =1.9138 61 | =a3255 L} A 146512 |=240797 62 4953
4 5 200543 | =245130 62 -+3187 L) - 201041 |[=246837 2 -e k872
& [ 245458 | ~341576 62 ~e3120 L) & 245452 | =342639 62 e b TR7
5 ] 20491 02204 - e A4TS L] [+ «0109 22524 - =e2660 =0 6933
s 3 <3887 -.2252 56 4296 L] 1 +3380 -e2182 57 = 2473 800
5 2 2 T749 =e7049 59 =+4359 ] 2 27834 | —48193 40 -y 2290 656
s 3 142257 | ~143156 60 =o4248 5 3 1e2714 | =104754 [ 13 =g 2152 -s6370
5 4 106335 | ~148634 61 -a4177 5 4 1e8772 | =240425 61 [=e2058 -2 b4T4
5 5 240863 | ~244758 61 | =24089 3 5 241337 | =246615 62 31975 -eb278
5 ¢ 245306 | ~3,0656 61 =s4038 -e6892 ] [ 245825 | ~342396 [ +3 “s 1967 ~e6232
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TABLE II.- EXPERIMENTAL RESULTS - Contlnued

B8 | a X, B, a, x,
deg | deg n Cm % G CY Cq deg | deg N Cm % G Cy

() Configuration BWr(Vilirep (z} Configuration BWy(Vplipg
0 0 | ¢1260 | -43376 | ~ | 0026 0 0 | 40335 | =,1646 | = [=e0027 | 40030
0 1 | ¢4240 [ =e7293 | 66 | 20081 | =40061 0 1 | 63947 [ =48353 | 65 | 40019
0 2 | «8021 |=1.42677 | 65 | 40032 | =40059 o 2 | «7937 ~1.1986 | 64 | ¢0061 | =s0001
o 3 | 142548 (~148755 | 64 [ 40080 | ~e0205 0 3 1142386 [~1s7739 | 63 | 40131 | 40038
o 4 |l.6585 [~2.4243 | 64 | s0082 [ <0101 0 4 11.6738 [=243896 | 63 [ 40195 | 40055
o S {201527 |=3.0525 | 62 [ 0239 | ~+0004 o & 1241200 [-249466 | 63 | ¢0307 [ 0128
0 6 [245329 |=3.6006 | 63 | 40032 | -40030 o 6 245653 [-3.5542 | 63 | <0292 | 0098
1 0 e1308 | —e3466 - 1099 | =41469 1 (-] 0340 | ~s1618 - 0572 | =s1298
1 1 | e4323 | =.7458 | 66 | «1128 | =a1870 1 1 | #3941 [ =e6428 [ 65 | ¢0648 | ~sl4ia
1 2 «B034 [~1.2782 | &2 e1153 | =41678 1 2 «T886 [~1e1892 | 64 00740 | =a1b09
1 3 {12600 ~1.880% | 64 | 41294 | -.1820 1 3 [1e2362 |-147729 | €2 | 40793 | -e1590
1 & | 1e6547 |=204291 | 64 | 1109 [ =41689 1 A |1.6632 [-2.3744 | 63 | s0864 | ~e1702
H 5 241369 |=2.9837 | 63 | 1185 | =41763 1 5 1241209 (~209558 | 63 | «0902 | ~a1714
1 6 (245692 |=3¢6300 | 63 | +1116 | ~s1968 1 6 1245936 [(=345894 | 63 | 40924 | ~s0749
2 [ 00692 | =42530 - 02122 2 [ 0410 | ~21874 - 01240 | =42703
2 1 | eda1l | 7751 | 66 | e2202 2 1 | ¢4280 | =46872 | 65 | ¢1326 | =+2866
2 2 | 8041 [~1.2933 | &5 | .2224 2 2 | «8013 [-142050 | 64 | e2446 | ~s3033
2 3 | 142646 |-1a9117 | 64 | e2234 2 3 1142586 |~1s7947 | 63 | 41490 | -43180
2 4 [1e6760 [-204525 | 84 | 2099 2 4 1166626 [~2643773 | 63 | o1541 | -s3298
2 5 |241562 [~3.0639 | 63 2138 2 5 1241235 [=249670 | 63 +1599 | =4350¢9
2 6 [245636 |-2.6463 | 83 | 42271 | =43868 2 6 (245980 |-3.5931 | 63 | 41618 | -e3662
s 0 | «0668 | -e3030 ) = | .3183 | =444l 3 0 | <0416 | =e2189 | = | ¢1870 | -c4255
3 1 | 4421 | =eB120 | 67 | 3340 | =e4s89 3 1 | e4371 | ~aTA0B8 | 65 | ¢2034 | =e4389
3 2 | «8432 {13696 | 65 | 43408 | =e4936 3 2 | +8511 |~142897 | 64 | #2184 | —e4615
3 3 [242730 |=149418 | 64 | 2378 | =a5147 3 3 |1e2628 [-148322 | 63 | 22182 | =e4838
3 A | 1e6743 (244536 | 64 | o316 | -45248 3 4 |146726 |~244008 | 63 | #2310 | ~e5079
3 8 | 241403 |-3.0821 | 63 o3157 | =s8534 3 5 [201272 |-3.0018 | &3 22325 | =45329
3 6 |2:5693 |-346696 | &3 | J3461 | =e5832 3 & (206044 |=306255 | 63 | 22322 | ~e¢5513
4 O | 40687 | -e3491 | = | 44276 | =e5028 4 O | «Oad4 | =o2632 | = | 22498 | ~e5403
4 1 | #5429 | -.82307 | 47 | 4368 | -.6321 4 1 | ¢AB20 | =47848 | 66 | 42660 | ~e5854
4 2 | 48363 |-143893 | 65 | ¢4367 | =46539 4 2 | «8207 [~1e2852 | 64 | #2753 | =.6118
4 3 | 162714 |=149744 [ 64 | oA843 | -26867 4 3 162733 (~1e8795 | 64 | 22813 | msb442
4 & | 166606 |=244596 | 64 | 04068 | ~s7048 4 4 1207017 [~204825 | 63 | 22947 | ~e6736
& L 241489 | ~341183 | 63 4116 | 47363 4 5 (241610 [=3.0879 | 63 #2980 | =~eT078
. 6 245785 (=347078 | 63 | e4624 | ~e7688 4 € |206209 [=318678 | 63 | #2964 | =T340
5 0 | e0579 - s 0 | «0578 | ~e3284 | = | 43001 | ~e7211
$ 1 | e4306 68 s 1 | «8472 | ~a8348 | 67 | #3221 | ~eT4T4
3 2 | <8282 |-1.4240 | 66 5 2 | «8371 |-1e3420 | 65 | #3274 | ~e70124
5 3 163012 | =20604 | &5 5 3 | 163077 [=1e9684 | 64 03436 | ~s0284
5 A | Xe&B1T | ~244936 | &4 5 4 [leT187 [=245270 | 64 3523 | ~e8608
5 3 | 241492 [=341570 | 64 2 L) 2:1960 [=3,1712 | 63 3597 | ~.8989
L 6 | 245828 [=2.7534 ] 63 5836 | -e9824 5 6 |246466 (=347169 | 63 #3529 | ~e9372




NACA RM L58E26

33

TABLE II.- EXPERIMENTAL RESULTS - Continued
B | a, x, B, o, X,
deg | deg CN cm %1 G CY deg CN cm % cl CY
(as) Configuration BWA(VyVi)irap (o) Configuration BW.{Vy, Vil
¢ O | =40042 | =~e0145 - «0008 + 0059 0 0 =20377 «0231 - «0001 « 0263
Q 1 435804 | —e5130 |’ 63 0078 «0073 (-] 1 +3452 =a4953 [ ] 40034 «0312
[} 2 «TB63 | =1e1174 | 63 +0106 «0057 0 2 oT257 [=1,0905 &3 20064 «0072
0 3 142343 (=1e7128 63 20154 40101 [} 3 12410 }=1.6810 63 =Q129 «0116.
¢ & le6An3 | -2.2958 63 «0218% +0128 4] & 16331 [=2,42650 .3 «00854 | ~40001
Q ] 261340 | =249373 &3 «0437 #0067 0 L] 240913 [=2,8231 .| &3 20187 +004A2
0 & 205772 | ~345407 3 «0414 #0183 [} [ 245150 |~3,4276 | 43 +0060 «0043
1 0 | ~a0084 =e0030Q - «00BA | ~=,42188 1 0 |=e0209 «0020 - 20016 -2 1934
1 1 3554 | =45008 63 e0212 | =e2249 1 1 +3512 | =+ 4893 63 20206 = 19646
1 2 27818 ) =1.1061 43 00342 =-e2293 1 2 sTT76 |~140906 63 « 0258 =s2132
1 3 le2288 | =147067 63 aOhid | =22345 1 3 102373 [~le6814 43 «0394 =-e2211
1 & 1:6372 | -2.2800 [} «0561 - 2257 1 & 146351 [~2.2577 43 0368 «e2207
1 L 201383 | 209464 3 20731 | =s2228% 1 5 201004 [~24842]1 63 ¢ 0472 -32230
1 6 205674 | ~345225 3 «0735 | =s2498 1 [ 205315 [=3.4369 (%] 2 0ASS =+2335
2 [} =sQ131 =e0025 - 0158 =e4522 2 [ =40127 | =40069 - 40070 =a4098
2 1 3794 | 45269 63 00349 | =s4564 2 1 +3793 =-e5294 | &3 #0207 =sb113
2 2 aTB12 | =1,0896 [ 1] 20563 | =.4452 2 2 27804 |=1,0840 &3 20524
2 3 162294 | =leT022 63 «0669 | =apT7S5S 2 3 la2424 (=1.6811 63 «0650
2. L3 166285 | ~242655 63 #0820 2 & 1e6374% |=242601 3 00707
2 5 241312 | =2,93%9 63 « 0991 2 H 241065 [=208687 3 s 0847
2 L] 2:5677 | =3.5242 | 43 +1105 2 [} 25661 |~3s4929 63 +0918
3 -] s 0068 =s0137 - 0278 | 0 |=e0090 + Q003 - +0125
3 1 03944 | =o5495 83 «0500 3 1 23825 [ =s5460 o3 «0303
3 2 «7835 | ~1.0891 63 +0789 3 2 +8070 |=lal233 63 . 0TH?
3 3 le2372 | =1.7038 63 +0910 3 3 1le2501 [=~1ea7161 [ ] « 0587
3 & 1686290 | ~242521 63 «107% 3 & 16629 |=223070 &3 +1070
3 5 240927 | -2.8892 43 «1292 3 5 241203 |-249253 63 + 1220
3 6 205668 | ~3.4940 63 «1424 3 & 245862 |~3e4952 63 «1361
& b 20092 | =~o0147 - «0409 L) 0 =20057 | =e0037 - «0195
4 1 +3960 | ~.5428 (3} « 0651 L) 1. «3930 | =45513 63 20418
& 2 «T925 | =1.0896 &3 00977 & 2 + 8257 (~1e14Ts 63 + 0949
& 3 1s2446 | ~147080 3 »12126 4 3 le2892 |=1aT745% [ +1204
& & 1e6549 | =242842 &3 «1401 4 4 |1e -203393 63 .
& L} 241002 | —248980 63 «1617 L3 L] 241452 |[=209567 | ‘63 o 1574 | =s9133
& (4 208763 [ =3.5124 | 63 «1789 A [ 206039 |~345516 63 21381 | =s916%
5 ] «0118 =40089 - «0452 | =1,1910 s [ =~+0019 «0021 - «0189 [=1+0859
5 1 a 3838 ~e5126 62 00763 | =141975 3 1 +3950 | —e5510 [
L 2 8049 | =1,1007 a3 21068 | =122149 ] 2 28308 [=1,1442 (33
s 3 142620 | ~1.7346 3 23 5 3 143168 [=148208 63
5 & le6b24 | =202781 63 5 & 147039 [=243844 | &3
S 1] 21237 ) ~2.88%2 » H] B | 2016869 |=3,0094 &3
L] [} 205982 | =344349 2 42093 | =1.1512 L] ® 206337 [=345488 3




TABLE Il - EXPERIMENTAL RESULTS - Concluded

NACA RM L58E26

8, a, X, 8, a, X,

deg Cx Cm %:| & S deg | dog | ON x:1| & i Cn
{ce) Configuration BWy

-] -] =sODAS =-. 0219 - =3 006¢ « 0043

0 1 +3659 =~eAY3L 63 =40018 =2 0029

] 2 +7693 |=1,0592 (3] 0017 .

Q 3 102257 [=1:6466 63 +008% -2 0028

[} & 146820 |[=242420 [3) «0110 -9 0002

[} 5 200812 {=247710 62 40194 | ~+0053

[} ] 245367 |=3.4143 [} ] 40143 «0071

1 0 = 0001 | ~o0224 ~ [mgq0Q61 | =a0488

1 1 oS5TT6 | =e5044 | 42 [=40050 | =,0803

1 2 «T692 |=1.0516 63 =+ 004% =y 0542

1 3 142230 [=1.6439% | 6 =0 0064 | =30605

1 4 146374 |=2.217M1 (3} =e 0040 s 0640

1 3 20836 |=2,7781 62 =+ 0066 =+0483

1 [ 243320 |~3,4058 3 =+0139 s O TR,

2 [} «0042 | =40225 o w0008 | =41026

2 1 «3756 o480 62 =s0097 =e 1045

2 2 «7T02 |=1.03T74 63 =oQ110 =g1100

2 ] 102213 [=1.63%9 &2 =g0152 = 1207

2 L3 l1e6396 |~242030 [} ) =a0101 =~e1264

2 3 240920 |~2.78T1 2 =e0219 -q 13589

2 6 245312 [~3.3881 | 62 [~,0309 | =41431

3 ] « 0084 -+0230 - +0033 -o 1604

3 1 «3751 -+3008 [ Y] «¢0100 |’ .

3 2 «7T45 |=10308 52 =e 0086

3 3 1le229% |~1.6302 2 =40182

3 & 146397 |-2.1%16 62 =-40193

3 5 241033 |[~2+7852 62 =e0365

3 [ 25475 [~3,3633 2 = 0444

L3 ] «0084 | -.0280 - +0083

L3 b3 23794 ~a b7y 62 = 0071

L 2 «TT93 | =140211 2 =e0118

& 3 1e2327 [=1.6095 [+ -e0251

L3 L3 144525 |[=2.1783 2 ~e 0204

o ] 201209 |=247908 62 ~e 0439

& & 2:5049 | =3,3569 €2 s 0568

1 -] + 0124 ~s 0334 - «0187

3 1 e3705 | ~«4780 | 62

L] 2 «T927 |=1.0188 02

] 3 1e2T7T [=lebhb2 2

H] & 146722 [=241793 &2

5 5 |2.1398 |=2.7972 | 62 ¢

S [ 225829 [=343360 2 =40747 ~o 4155
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Relative wing — >

Figure l.- System of body exes for tests. Arrows indicate positive
angles, forces, and moments.
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50 000>
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With wing in rearward
position, only tails
perpendicular to plane
of wing were tested,

N

st

§ Alternate tail
I ///_- plan form

S

/ \563 ] .20l A 100
16.250|R § /é
/ r'
B S— m— *
L

e 6,162 —————

-t 12,000

-l F::fg,% = 1200

Figure 2.- Schematic dlagram of typical configuration showing wing in
both longitudinal positions.

All dimensions are in inches.
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(a) Tail configurations tested (b) Tail configurations tested
with wing off, forward, and with wing off and forwerd.
rearward.

Figure 3.- Schematic disgram of tails tested on configurations with and
without wings.
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Figure 4.- Effects of presence of wing and wing position on longitudinal
aerodynamic characteristics of configurations with various trape-
zoidal tails.
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Normal-force coefficient, Cy
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Figure 4.- Continued.
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Normal-force coefficient, Cy
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Figure 5.~ Effects of presence of wing and wing position on longitudinal
aercdynamic characteristics of configurations with vertical triangu-
lar tails.
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Figure 23.- Normal-force and side-force characteristics for a body of revolution at combined
angles of attack and sideslip, illustrating equations contained in appendix B.
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